The phenotype of mice lacking the delta isoform of protein kinase C reveals that this isoform curtails signaling events after engagement of the antigenspecific receptor on B cells. The result is a state of non-responsiveness, termed anergy, that represents one form of immunological self-tolerance. 
Protein kinase C (PKC) is one of the cell's most important signal-transducing molecules, responding to a diversity of extracellular cues to regulate a number of central processes, including proliferation, metabolism, migration and death [1] . It is also one of the more complex signal transducers, constituting a family of serine/threonine kinases that can phosphorylate a multitude of cellular substrates. The family currently includes 12 isoforms, which are structurally related and have been grouped into 3 classes according to whether or not they require diacylglycerol (DAG) and/or Ca 2+ for activation. The various isoforms have different cell-type distributions, and show differential compartmentalizations within cells upon activation. More confounding, a single isoform can have distinct, even opposing, functions in different cell types. It has been a major challenge to penetrate this complexity in order to attribute to specific isoforms specific functions in specific cell types. Fortunately, some key advances have come in the past few years thanks to the development of transgenic mouse lines overexpressing a particular PKC isoform, knockout mouse lines lacking a single isoform, and molecule-specific inhibitors. A good example is provided by two recent papers that reported an important role for PKCδ δ in tolerance induction in B lymphocytes [2, 3] .
PKC activation appears to influence multiple facets of immune system function, from T and B lymphocyte differentiation to various forms of leukocyte activation. Mice overexpressing PKCα α in T lymphocytes exhibited decreased T-cell proliferative responses, a biased pattern of T-cell cytokine secretion and reduced production of antibodies by B cells [4] . Mice lacking PKCβ β showed reduced B-cell proliferative responses and impaired humoral immunity [5] . Since these two molecules belong to the 'classical' class of isoforms, which requires both DAG and Ca 2+ for activation, investigations into PKC activities focused for some time on immune system functions that depend on both of these intracellular mediators. However, recent reports [2,3,6] of T-and B-cell abnormalities in mice lacking PKCθ θ and PKCδ δ, respectively, have changed this emphasis because these kinases are both of the 'novel' class of isoforms, whose activation requires DAG but not Ca 2+ . Several observations have piqued interest in examining the role of PKCδ δ in the immune system. For example, this isoform has the unusual property of being tyrosine phosphorylated [7] , and this phosphorylation event takes place within a minute of engagement of the surface immunoglobulin (Ig) receptors on B cells [8, 9] . In addition, this isoform can have a potent negative influence on cell behavior, inhibiting proliferation and enhancing death [7] .
When PKCδ δ-deficient mice were screened for immune system manifestations, the most overt abnormalities were splenomegaly and lymphadenopathy, both attributed to an increase in the number of B cells of the conventional, B2, type. This augmentation was not observed in the bone marrow, indicating that it is a post-maturation phenomenon. Abnormal B-cell accumulation was also revealed by the unusually high numbers of germinal centers in the spleen and lymph nodes in the absence of intentional antigenic stimulation. Interestingly, smooth muscle cells from these knockout mice were previously reported to show aberrant homeostasis, but the mechanism appeared to differ from that for B cells: a normal proliferative capacity [3] and decreased propensity for cell death [2, 3] for the former; increased proliferation and normal death for the latter [10] . The B-cell abnormalities in PKCδ δ-deficient mice had pathological consequences. Concentrations of serum IgG1 and IgA were increased, and auto-antibodies recognizing a variety of auto-antigens could be detected after 6 months of age. Igs were aberrantly deposited in the kidneys, and B-cell infiltrates were found in perivascular regions of multiple organs. Clearly, then, B-cell tolerance to self-antigens was somehow compromised.
To explore the mechanisms underlying the loss of B-cell tolerance in mice lacking PKCδ δ, Mecklenbrauker et al. 
